This paper presents a new methodology for estimating reservoir fluid mobility using synchrosqueezed wavelet transforms. Synchrosqueezed wavelet transforms, which adopts a reassignment method, can improve the temporal and spatial resolutions of conventional time-frequency transforms. The synchrosqueezed wavelet transformsbased fluid mobility estimation requires the favourable selection of sensitive lowfrequency segment and more accurate estimation of the change rate of the low frequency segment in the spectrum. The least-squares fitting method is employed in the synchrosqueezed wavelet transforms-based fluid mobility estimation for improving the precision of the estimation of change rate of the low-frequency segment in the spectrum. We validate our approach with a model test. Two field examples are used to illustrate that the fluid mobility estimation using the synchrosqueezed wavelet transforms-based method gives a better reflection of fluid storage space and monitors hydrocarbon-saturated reservoirs well.
I N T R O D U C T I O N
When a seismic wave passes through a fully saturated rock, not only the kind of pore fluid but also the fluid ability to move within the rock, that is, fluid mobility, influences the seismic properties. Laboratory measurements (e.g., Batzle Han and Hofmann 2006) indicate fluid mobility, which largely controls pore-fluid motion and pore pressure, and directly influences seismic velocity dispersion. High fluid mobility in rocks, which permits pore-pressure equilibrium between pores or heterogeneous regions, will lead to a high dispersion in a low-frequency domain (Batzle et al. 2006) . The reflected signal from fluid-saturated reservoirs has been observed to * E-mail: xueyj0869@163.com be frequency-dependent and strongly related to the reservoir flow properties in the low-frequency range (Korneev et al. 2004a,b) . Based on the dynamic filtration theory and poroelasticity principles, an elastic wave equation in fluid-saturated porous media, which describes the dynamic characteristics of seismic waves and links the reservoir density, permeability, and the fluid viscosity and other reservoir parametres directly to the propagation characteristics of the seismic waves, is presented (Korneev et al. 2004a,b; Silin et al. 2004 Silin et al. , 2006 . Furthermore, Silin and Goloshubin (2010) extended the work to build an asymptotic model of seismic reflection from a permeable layer, and through the analysis of wave field characteristics of the fast and slow waves in low-frequency domain, they found an asymptotic solution with a slightly different choice of the small parametre and abandoned the assumption of grain stiffness. A low-frequency asymptotic formula, which shows that the frequency-dependent component of the reflection coefficients is asymptotically proportional to the square root of the product of the frequency of the seismic signal, the fluid density, and the reservoir fluid mobility, defined as the ratio of rock permeability to fluid viscosity, is presented from a fluid-saturated porous medium Silin et al. 2004 Silin et al. , 2006 Silin and Goloshubin 2010) . This formula opens an opportunity for using of low-frequency seismic data to estimate the flow properties of the hydrocarbon-saturated reservoirs in reflecting fluid storage space and monitoring hydrocarbon-saturated reservoirs. This theory demonstrates that fluid saturation can be estimated without the well data. The practical applications of the theory developed include seismic modelling, inversion, and attribute analysis for predicting the reservoir permeability and the production rate and quantifying the fractures and others (e.g., Korneev et al. 2004; Goloshubin et al. 2008; Silin and Goloshubin 2008; Yin Zong and Wu 2015) . In recent fluid mobility estimation, the traditional time-frequency methods, including short-time Fourier transform, S transform, and wavelet transform, are mainly used as attribute analysis tools for the practical implications of the theory (Zhang 2011; Chen et al. 2012; Huang et al. 2013) .
Synchrosqueezed wavelet transforms introduced by Daubechies, Lu and Wu in 2011 is a method that can decompose a non-linear and non-stationary signal into a series of intrinsic mode type functions, which can be considered as a superposition of a reasonably small number of approximately harmonic components based on a precise mathematical definition. Compared with wavelet-based time-frequency methods, frequency reassignment is used in synchrosqueezed wavelet transforms method to improve the readability. Synchrosqueezed wavelet transforms is more suitable for nonlinear and non-stationary seismic data and can offer many promising features, such as higher time-frequency resolution, more highlighted subtle geological structures, and so on, when comparing with other Fourier-based and wavelet-based timefrequency methods (e.g., Daubechies et al. 2011; Shang, Han and Hu 2013; Herrera, Han and van der Baan 2014; Chen et al. 2014; Wang, Gao and Wang 2014; Liu et al. 2015; Thakur 2015; Mousavi, Langston and Horton 2016) .
This study concerns advanced imaging and interpretation technology by deriving a synchrosqueezed wavelet transforms-based reservoir fluid mobility computational implementation method from the theory of Korneev et al. (2004) and Silin and Goloshubin (2010) . The optimal selected frequency ranges at low-frequency range for calculation reservoir fluid mobility and different parametre estimation methods will be discussed. Model test and the field data acquired from tight sandstone reservoirs in Sichuan Basin and Ordos Basin, China, are used to verify the proposed method. The results show that the proposed method can provide a more precise fluid mobility estimation and give better hydrocarbon-prone interpretations than those of the conventional methods.
P R I N C I P L E A N D M E T H O D S

Seismic fluid mobility
By considering the combination of the dynamic filtration theory and poroelasticity principles, the low-frequency asymptotic expression for the reflection of seismic p-wave is presented through an elastic wave equation in fluid-saturated porous media, which relates the reservoir density, fluid mobility, and other reservoir parametres directly to the propagation characteristics of the seismic waves (Silin and Goloshubin 2010 ). This asymptotic expression shows the reflection coefficient R of an angular frequency ω from the boundary between dry and fluid-saturated elastic porous media having the following form (Silin and Goloshubin 2010) :
where the coefficients R 0 and R 1 are dimensionless functions of the mechanical properties relating to the porosity, the densities, and the elastic coefficients of the fluid and rock, i = √ −1, k denotes the reservoir rock permeability, and η is the reservoir fluid viscosity, ρ b denotes the bulk density of the reservoir fluid-rock system.
Fluid mobility M in this study is defined as the ratio of rock permeability to fluid viscosity, that is, M = k/η. Then, the equation (1) can be expressed as follows:
If we take the first derivative with respect to the angular frequency ω of the reflected amplitude, equation (2) transforms into the following:
Consequently, one obtains the following:
being a complex dimensionless function of the elastic properties of the fluid and rock, which relates to the porosity, the densities, and the elastic coefficients. Then, from equation (4), the fluid mobility can be expressed in the following form:
Equation (5) shows that the fluid mobility M is proportional to the square value of the derivative of seismic reflection coefficients with respect to seismic reflection frequency at a given frequency ω. It is proved that F , which can be estimated by using the production data or permeability parametre from the known wells, is equivalent to a scale factor (Chen et al. 2012) . So, we can also ignore this scale factor and estimate the relative results.
For the real seismic reflection data in low-frequency domain, since the instantaneous amplitudes of seismic data in a common frequency volume after time-frequency decomposition can truly reveal the seismic reflection amplitudes at this frequency, one can consider that, at a given signal frequency, the fluid mobility is proportional to the absolute value of the derivative of seismic reflection amplitude with respect to seismic reflection frequency by substituting the instantaneous amplitudes A(t, ω) after time-frequency decomposition for the reflection coefficient R at frequency ω (Chen et al. 2012) , that is as follows:
where A(t, ω) is the amplitude of seismic reflection data and t is time. In calculation, we have the following:
Equation (7) is generally implemented by using the amplitudes of two selected particularly points and their corresponding frequencies in the low-frequency area. Substantially, fluid mobility reflects the frequency variation ratio between the reservoir permeability layer and non-permeability layer in the seismic data (Goloshubin et al. 2002) .
The synchrosqueezed wavelet transforms method
Synchrosqueezing transform is a reassignment technique to produce a sharpened time-frequency representation of the signal having modulated oscilations (Daubechies and Maes 1996; Mousavi and Langston 2017) . Synchrosqueezed wavelet transforms is a combination of wavelet analysis and reallocation method (Daubechies et al. 2011) .
Synchrosqueezed wavelet transforms reallocates the coefficients of the continuous wavelet transform (CWT) to get a more concentrated image over the time-frequency plane.
The synchrosqueezed wavelet transforms T s (w, b), which is determined only at the centre ω l with the frequency range [ω l − ω/2, ω l + ω/2] has the following form (Daubechies et al. 2011; Herrera et al. 2014) :
where 
in which ψ * is the complex conjugate of the mother wavelet.
As Equation (8) shows, the new time-frequency representation of the signal T s (w, b) is synchrosqueezed along the frequency axis only (Li and Liang 2012) .
For a more detailed description of the synchrosqueezed wavelet transforms method, one can find it in Daubechies et al. (2011) .
Synchrosqueezed wavelet transforms based fluid mobility estimation method
To further enhance the accuracy and precision of fluid mobility estimation method for reflecting fluid storage space and monitoring hydrocarbon-saturated reservoirs, synchrosqueezed wavelet transforms method is employed. The flow chart of the proposed synchrosqueezed wavelet transforms-based fluid mobility estimation is shown in Fig. 1(a) . We first use synchrosqueezed wavelet transforms to obtain the joint time-frequency distribution of a seismic trace. Here, Morlet wavelet is used in the synchrosqueezed wavelet transforms method and, then, extract the frequencyamplitude spectrum along the time samples. For each time sample, we employ equation (7) to estimate the fluid mobility using the extracted spectrum. Note that two important steps are taken here for enhancing the accuracy and the precision of the fluid mobility estimation. One key step is to determine the sensitive frequency segment in the low-frequency band. The favourable sensitive low-frequency segment is determined by the seismic data and will be varied a little for the different seismic data. In this paper, we selected the favourable, sensitive, low-frequency segment as the 10%-90% of the dominant Figure 1 The flow chart of the proposed SST-based fluid mobility estimation (a) and an example to show the difference between the least-squares fitting method and the method using two-point calculation (b). Here, the selected low-frequency band is from the 10% of the dominant frequency energy to 90% of that for the seismic trace. The least-squares fitting method is more accurate to reflect the real data and give a better estimation of the slope, which is used as the fluid mobility than the method using two-point calculation.
frequency energy for each seismic trace. Another key step taken in the synchrosqueezed wavelet transforms-based fluid mobility estimation method is that we modify the general implementation of the equation (7), which uses the amplitudes of two particularly points and their corresponding frequencies to calculate the slope in the low-frequency part, by the substitute of a least-square fitting method. The slope of the fitting line would give a better fluid mobility estimation than the equation (7) using two-point calculation. Fig. 1(b) shows an example that illustrates the difference between the least-squares fitting method and the method using two-point calculation. We can find that the least-squares fitting method is more accurate than the method using two-point calculation to reflect the real data and give a better estimation of the slope, which is used as the fluid mobility. Finally, the fluid mobility estimation using synchrosqueezed wavelet transforms is performed trace by trace. Note that the result of the estimated fluid mobility here is the normalised relative value. They are distributed in the range from 0 to 1.
M O D E L T E S T
In this section, to validate the effectiveness of the fluid mobility estimation using the synchrosqueezed wavelet transforms method, we produce the various models to simulate the seismic response using the three-dimensional diffusive-viscous wave equation, which reflects the viscosity of the fluid and the diffusion of the fluid-bearing porous media Chen et al. 2011) .
The geological models shown in Figs. 2-5 are designed based on reservoir logging parametres and the seismic data from a tight sandstone reservoir in China. The parametres of the six layers in the Models 1 to 3 are respectively shown in Tables 1 to 3 . The sampling frequency is 1000 Hz. The frequency of the wavelet for Model 1 and Model 2 is 50 Hz. The layer marked 4 with a thickness of 30 m denotes a highly permeable gas-bearing reservoir, and the adjoining layer marked 3 is dry layer for Model 1 and Model 2. In Model 2, we change the velocity of layers marked from 2 to 5 to see how the gas-bearing reservoir in 3 is changed. For Model 3, we change the frequency of the wavelet to 30 Hz and the thickness of gas-bearing reservoir marked 3 to 60 m and the viscosity coefficient to 100. The seismic responses of the Models 1 to 3 are respectively shown in Fig. 2(b) and (e) and Fig. 3(b) . The fluid mobility estimation of the Models 1 to 3 using synchrosqueezed wavelet transforms method is respectively shown in Fig. 2 (c) and (f) and Fig. 3(c) . From  Fig. 2(c) and (f), we can find that, when the velocity in the gasbearing reservoir is very low and the velocities in surrounding layers are higher in Model 2, the values in the estimated fluid mobility in Model 2 are larger than that in Model 1, and the strong amplitude anomalies in Model 2 are more obvious than that in Model 1. In comparison of the Figs. 2(f) and 3(c), one may conclude that, when the frequency of the wavelet and the thickness of gas-bearing reservoir are changed, the proposed method still targets the reservoir well.
In Model 4 ( Fig. 3(d) ), the layers marked 4 , 5 , and 6 , respectively, denote a highly permeable gas-bearing reservoir, oil-bearing reservoir, and water-bearing reservoir. The adjoining layer marked 3 is a dry layer. The parametres of the eight layers in the Model 4 are shown in Table 4 . Figure 3 (e) shows the seismic response of Model 4. The gas-, oil-, and water-bearing reservoirs are marked by a blue rectangle. The fluid mobility estimation after the proposed method is shown in Fig. 3(f) . The reservoirs in Fig. 3 (f) are marked by a black rectangle. We can find that the amplitude anomalies in oil-bearing reservoir distributed mainly from Trace 200 to 300 is the strongest. The amplitude anomalies in gas-bearing reservoir distributed mainly from Trace 100 to 200 are stronger, and the water-bearing reservoir distributed mainly from Trace 300 to 400 has the least strong amplitude anomalies. For different methods, comparing and evaluating the noise robustness of the proposed method, we take Model 2 as an example. The results from the conventional methods using short-time Fourier transform (STFT), S transform, and wavelet transform are respectively shown in Fig. 4(a) -(c). We can find that the conventional methods all can target the reservoir area in Model 2 well. The Model 2 with added noise (signal-to-noise ratio [SNR] = 30 dB) is shown in Fig. 4(d) . The fluid mobility The corresponding fluid mobility estimation using the proposed method. Gas-, oil-, and water-bearing reservoirs are respectively denoted in the layers marked 4 , 5 , and 6 . The different amplitude anomalies are found in these reservoirs. The strongest anomalies are found in oil-bearing reservoir, and the least strong anomalies are presented in water-bearing reservoir. The proposed method targets the reservoirs well.
estimation from the proposed method and the STFT, S transform, and wavelet transform methods are respectively shown in Fig. 5(a)-(d) . One can find that even for the low SNR image shown in Fig. 4(d) , the proposed method can give a good fluid mobility estimation and a more concentrated image, but for the conventional methods, the fluid mobility estimation suffered much from the noise. The model test shows that synchrosqueezed wavelet transforms method is well worked with the estimation of the fluid mobility.
F I E L D D A T A Two-dimensional seismic data processing
In this section, several broad-band-migrated, stacked seismic sections from the 2D line intersecting the known gas wells in a tight sandstone reservoir in Sichuan Basin, China, are collected for validating the proposed method and showing the better features of the synchrosqueezed wavelet transformsbased method. Figure 6 shows one seismic section 1 intersecting a known gas well W1. The study area is set by one black ellipse, where the gas well W1 is located and profited gas is found. The seismic signals are sampled at 1 ms.
We first take the seismic trace intersecting well W1 from the 2D seismic section for a comparative study of synchrosqueezed wavelet transforms and the other conventional time-frequency methods. Figure 7 shows the seismic trace intersecting well W1 and its corresponding time-frequency analysis results with the different methods. One can find that synchrosqueezed wavelet transforms (Fig. 7(e) ) has the highest time-frequency resolution and energy aggregation than the other conventional methods, including the short-time Fourier transform (STFT), S transform, and the wavelet transform ( Fig. 5(b)-(d) ).
The synchrosqueezed wavelet transforms-based fluid mobility estimation of the seismic section intersecting well W1 is shown in Fig. 8(a) . Strong amplitude anomalies are found in the area where gas is located. Since there is mainly sandstone in the study area, which belongs to the same geological stratification and not the other factors, such as cracks located in the study area, the synchrosqueezed wavelet transformsbased fluid mobility estimation of the seismic section gives a good hydrocarbon-prone interpretation and well targets the hydrocarbon-saturated reservoirs.
Figure 8(b) and Fig. 6 (c) and (d), respectively, give the STFT, S transform, and wavelet transforms-based fluid mobility estimation of the seismic section intersecting well W1. One can also find that strong amplitude anomalies exist in the area marked by a black ellipse in the results from these three conventional methods. However, compared with the synchrosqueezed wavelet transforms-based fluid mobility estimation in Fig. 8(a) , the STFT-based fluid mobility estimation shows a lower temporal and spatial resolution and energy aggregation and further gives a poor hydrocarbon-prone interpretation. However, compared with the synchrosqueezed wavelet transforms-based fluid mobility estimation in Fig. 8(a) , the results using the conventional methods in Fig. 8(b)-(d) show a lower temporal and spatial resolution and energy aggregation and suffer much from the noise and further give the poor hydrocarbon-prone interpretations. Another seismic section 2 intersecting the known gas well W2 and its corresponding synchrosqueezed wavelet transforms-based fluid mobility estimation are shown in Fig. 9 . In this seismic section, the upper area where the gas is located is marked by a red ellipse, and the lower area where the water is located is marked by a black ellipse. As shown in Fig. 9(b) , strong amplitude anomalies are also found in these areas. Seismic section 3 intersecting the known gas well W3 and its corresponding synchrosqueezed wavelet transformsbased fluid mobility estimation are shown in Fig. 10 . As shown in Fig. 10(b) , strong amplitude anomalies are found in the area where the gas is located.
Three-dimensional seismic data processing
In this section, we use the 3D broad-band-migrated, stacked seismic data from a tight sandstone reservoir in Ordos Basin, China, for analysis. The main gas-bearing strata in this gas field are distributed in the eighth sections of the Xiashihezi formation and the first sections of the Shanxi Formation of Permian, Upper Paleozoic. Gas reservoir, which is mainly controlled by a large river near the north-south distribution and the delta sand belt, is a typical lithologic traps gas reservoir. Gas-bearing formation is laterally compound and stacked by multiples of the single sand body. Effective gas-bearing reservoir is mainly tight sandstone reservoir. The heterogeneity of the sandstone reservoir is strong. The thickness of the reservoir is thin. The horizontal distribution of the reservoir changes largely, and the vertical distribution of the reservoir is scattered. Here, we mainly study the eighth sections of the Xiashihezi formation. There are mainly three kinds of rock Table 3 Rock properties for geological model 3. Note that ζ is diffusion coefficient. η is viscous coefficient types, that is, quartz sandstone, lithic quartz sandstone, and lithic sandstone in the study area. Overall, lithic quartz sandstone and quartz sandstone are the most. The thickness of sand body in eighth sections of the Xiashihezi formation is generally from 15 m to 49 m. Reservoir space is formed by primary intergranular porosity, secondary dissolution pores, kaolinite Figure 6 One broad-band-migrated, stacked seismic section from the 2D line intersecting one known gas well W1 in a tight sandstone reservoir in Sichuan Basin, China. intercrystal micro-pores, and shrink holes. The eighth section porosity ranges from 4% to 14%, with an average porosity of approximately 8.8%. The permeability ranges from 0.049 × 10 −3 µm 2 to 4.935 × 10 −3 µm 2 , with an average permeability of 0.861 × 10 −3 µm 2 . The depth of the target layers ranges from 3500 to 4200 m. The seismic signals are sampled at 2 ms. Figure 11 shows the 3D broad-band-migrated, stacked seismic slice of the target layer. There are three types of gas-producing wells (A, B, C) in the study area. A denotes the first class of wells with the most prolific gas. B is the second class of wells with the less prolific gas, and C denotes the third class of wells with the least prolific gas. Then, synchrosqueezed wavelet transforms-based fluid mobility estimation method is applied to the 3D seismic data. Figure 12(a) shows the synchrosqueezed wavelet transformsbased fluid mobility estimation of the 3D seismic slice at the target layer. As shown in Fig. 12(a) , most of the A-type wells are located in the strongest amplitude anomalies area, which are marked in red and with classification type 1. Also, only two of them are located in the stronger amplitude anomalies area, which are marked in yellow and with classification type 2. For B-type wells, most of them are presented in the stronger amplitude anomalies area, which are marked in yellow and with classification type 2. Only one of them exists in the area marked in red and with classification type 1, and one of them is located in the green area with classification type 3. Whereas for 10 C-type wells, most of them exists in the less strong amplitude anomalies area marked in green and with classification type 3, only three of them exists in the stronger amplitude anomalies area marked in yellow and with classification type 2, and one of them is located in the red area with classification type 1. The synchrosqueezed wavelet transforms-based fluid mobility estimation of the 3D seismic slice at the target layer is precisely consistent with the well test data. It gives a good hydrocarbon-prone interpretation and monitors the hydrocarbon-saturated reservoirs well. For comparison, we also give the fluid mobility estimation using STFT-based method, which is shown in Fig. 9(b) . From Fig. 8(a) , the results using the conventional methods in Fig. 8(b)-(d) show a lower temporal and spatial resolution, suffer much from the noise, and give a poor hydrocarbon-prone interpretaton. Fig. 12(b) , we cannot find the clear classification characteristics of the three type wells. Also, the temporal and spatial resolution of the synchrosqueezed wavelet transforms-based method shown in Fig. 12(a) is much higher than that in STFTbased method shown in Fig. 12(b) .
D I S C U S S I O N
The low-frequency asymptotic expression for the reflection of seismic p-wave expressed in equation (6) provides a way for using low-frequency seismic data to estimate fluid mobility. Fluid mobility estimation illustrates the energy changes of the low-frequency band by generating the change rate of low frequency segment of the spectrum. It mainly reflects fluid storage space and the rock permeability and better reveals the effectiveness of the reservoir.
By applying reallocation method to the coefficients of the continuous wavelet transform, synchrosqueezed wavelet transforms gives a more concentrated image over the timefrequency plane. Comparison with the other conventional Figure 9 The seismic section 2 (a) and its SST-based fluid mobility estimation of the seismic section intersecting a known well W2 (b). Strong amplitude anomalies are found in the gas and water areas, respectively, marked by a red ellipse and a black ellipse.
Figure 10
The seismic section 3 (a) and its SST-based fluid mobility estimation of the seismic section intersecting a known well W3 (b). Strong amplitude anomalies are found in the gas areas marked by a black ellipse.
time-frequency methods shows that synchrosqueezed wavelet transforms has higher temporal and spatial resolutions. Thus, synchrosqueezed wavelet transforms has the potential ability of better estimating fluid mobility. To improve the accuracy and precision of the proposed method, the favourable selection of sensitive low-frequency segment in the spectrum and more accurate estimation of the change rate of the low frequency segment in the spectrum are concerned. In the calculation of synchrosqueezed wavelet transforms-based fluid mobility estimation, the selection of favourable sensitive lowfrequency segment in the spectrum is very important for estimating fluid mobility with higher precision and accuracy. It is varied a little for different seismic data. In this paper, the favourable sensitive low-frequency segment as the 10%ß90% of the dominant frequency energy for each seismic trace is selected for the tight sandstone reservoirs. The results give good hydrocarbon-prone interpretations and show great consistency with the well test data. The least-squares fitting method adopted in the synchrosqueezed wavelet transformsbased fluid mobility estimation method maintains a better estimation of the change rate of the low frequency segment in the spectrum. As the applications on models and seismic data have shown, synchrosqueezed wavelet transforms-based fluid mobility estimation is well used for predicting high-quality reservoirs and estimating the fluid production capacity in the reservoirs.
Figure 11
The 3D broad-band-migrated, stacked seismic slice of the target layer. Three types of gas-producing wells (A, B, C) locate in the study area. A denotes the first class of wells with the most prolific gas. B is the second class with the less prolific gas, and C denotes the third class with the least prolific gas.
Figure 12
The fluid mobility estimation comparison of the 3D seismic slice at the target layer. (a) The SST-based fluid mobility estimation. Most of the A type wells are located in the strongest amplitude anomalies area, which are marked in red and with classification type 1. Most of the B type wells are presented in the stronger amplitude anomalies area, which are marked in yellow and with classificaiton type 2, whereas most of the C type wells are existed in the less strong amplitude anomalies area, which are marked in green and with classification type 3. The SST-based fluid mobility estimation is precisely consistent with the well test data and gives a good hydrocarbon-prone interpretation. (b) The STFT-based fluid mobility estimation. The classification of three types of reservoirs is not obvious as shown in (a).
C O N C L U S I O N
Fluid mobility estimation is traditionally carried out by the time-frequency methods. A time-frequency method with higher time-frequency resolution and energy aggregation will give a better estimation of fluid mobility. By adopting reallocation method, synchrosqueezed wavelet transforms reallocates the coefficients of the continuous wavelet transform and shows higher temporal and spatial resolutions and energy aggregation. Comparison with the other conventional time-frequency methods shows that synchrosqueezed wavelet transforms has an obvious advantage. The fluid mobility estimation using the synchrosqueezed wavelet transforms method gives a better reflection of fluid storage space and monitors hydrocarbon-saturated reservoirs well. Applications of the proposed method on model and seismic data acquired from Sichuan Basin and Ordos Basin, China, show that synchrosqueezed wavelet transforms-based fluid mobility estimation targets the gas area well and gives better estimation of the fluid production capacity in the reservoirs. Synchrosqueezed wavelet transforms-based fluid mobility estimation presented in this work suggests that it can be well suited for improving reservoir prediction and fluid production capacity estimation.
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